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BftCKGRQUND OF TEE INVEHTICN 

1. FjbeM of tiie Invention 

Hie present invention relates to a method for inspecting 
^ndcxmauctor devices, liquid crystals, and magnetic heads. 

An example in ^diidi a semicxinductxH: Mnafer is inspected 
will be explained. 

2. Description of the Related Art 

SaaLconductor devices are manufactured by repeating a 
process that use s lithography or etching to tran sfer a pattern, 
lasually farmed on a photoraasik, onto a semiconductar wafer. In 
a saTdboonductar devioe manufacturing process, the quality of 
the lithography or etcJiing, the quality of various other types 
of processing, and the production of foreign matter can 
greatly affect the semiccaiductor device yield. Therefore, 
methods for inspecting seraiccaiductor vfaf ers f ran a 
manufacturing process have ccmviaitiMially been inplemented to 
detect anonalies or faults early or before they occur. 

Methods for inspecting for defects in patterns cn 
samdjcxsnductor wafers involve the use of a defect inspection 
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desvioe tliat Irradiates tiie sendxxxiductor wafer witli v*rLte 
li^t and uses the optical image to oonpare the same caxcuit 
patterns en a plurality of LSI. For example, as discaosed in 
Japanese Patent Laid-open H3-167456, in an Inspection method 
that uses cjptical images, llie optically illuminated area on a 
substrate is imaged on an integrated time delay sensor. 
Defects are detected by oorparing the image detected tjy the 
sensor and design infonnation already altered. 

In the aforementioned defect inspecticn, adjoining 
identical circuit pattern Im^jes are fanned. These images are 
then ocnpared and defects autcmatically detected. Hcwever, 
inspections must also handle wafers that have varicxas pattern 
layouts or patterns that involve various materials. To 
accurately ocnpare adjoining patterns, the positioning of the 
pattern, that is the ciiip (die) and shot matrioe s cm the vrafer, 
mast be predetermined and preset as inspection conditions for 
wafers to be inspected. In addition, to enable the fonnatlon 
of images suitable for inspection in various materials, 
^jprqpriate values must be set for image bri^tness and the 
pattern-substrate contrast and these values preset as 
inspection conditions for vrafers to be inspected. However, 
there are no descriptions of the procedures or qperatixxi 
methods for these inspection condition settings for the above 
conventional devices and their operation is complex, between 
one and several hours being required to set a pprojpriate 
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inspectixn cxxiditlons fca: a new yuafac to be inspected. A 
problem exists in that, in order to inplonent pattern 
inspections for a plurality a£ prodLicts (that is a plurality 
of ctrojlt pattern matrloes) and a plurality of processes 
( that is a plurality of materials and a plurality of detailed 
clixmt pattern fonns) in a semiaaiductar manufacturing line, 
a huge nuniDer of inspection conditions must be set. As a 
result, an aicomous amount of time is required in all 
inspection operations and in particular, in inspection 
condition setting operations. 

Japanese, Patent Laid-open 2001-35893 disclose a metiiod 
for inpixfving operation efficiency viien the above inspection 
ocxiditions are set and for reducing the time involved in 
setting inspection conditions. Tlie design of the operation 
screen layout reduces the time needed for the entry of setting 
items but even so, between thirty minutes and several hours 
are required to set inspection ocmditions in the inspection 
device. 

Figure 1 is one conventional exanple of inspection 
ccaidition settii^ and shows a conditions setting sequence for 
a foreign matter inspecticai device that uses scattered laser 
li^t. HhB ocmventional setting of insfpectixHi conditions 
starts with preparation of a \iraf er and loading of that wafer 
into the device. As preliminary pr^paratiCKi for inspection, 
tlie ciiip matrix vjithin the vrafer, the sihot matrix vyhen the 
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pattern is ea?)osed, the chip size, and test element group 
(TEC) chips for process and yield management mast be set so 
that they will not be inspected and the dicection of the wafer 
scan during the inspection and the chips to be used in 
alignnent must be set. F^irthermoTO, a pattern that uses 
automatic alignmait is selected, the image data of the 
aUgnm^t pattern saved, and actual alignment implemented. 

After the above settings are ocnpleted, adjustment oE the 
inspection sensitivity starts. Firstly, an spadal filter 
that efEiciently shields diffracted licjit f rem r^titive 
patterns on the chip is set. A trial inspection then takes 
place. The detecticai results are confirmed (reviewed) after 
the trial inspection and a tenporary laser pcwer value and 
threshold value, vftiich are saisitivlty ocxiditicais, are set. 
After repeating the sensitivity condition settings, trial 
inspection and review, and tiien determining inspection 
ocaiditions so that less than a certain peroaitage of false 
alarms occur, the inspecticai conditions are saved and the 
vjafer unloaded. Ihis ends the extraction of conditions. 

In a device that inspects various types of intricate 
patterns including those on semiccxiductor devices as in the 
above description of conventional technology, various 
inspection conditions must be set and these conditions must be 
adjusted for eadti product and each, process. The inspectim 
device is occupied vftiile oc»idltions are being extracted, thus 
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actuaUy reducing InspectlxDn tiine. Also, because there are a 
plurality of entry items, a worter v4io sets conditions 
requires a certain amount o£ training and must be ejjperienced 
in the use of the device. Furthentcre, viiile oonditiCMis are 
being extracted, tiiere is an aocunulaticai of sentLconductor 
pDoducts. Therefore, the turnaround time (IftT) of 
seniiocxiductor devices is ext^ided and costs increase. 

SCMdMQT CF TOE INVHmCN 

The present invention provides a technology for 
inspecting intricate circuit patterns that uses images formed 
by irradiating vdiite I±ght, laser H^t, or an electran beam, 
and that ndnimises user input by \jsing ^mioonductar device 
design data \i*en setting the various conditions required f or 
Inspection. 

By losing sanmxaiductor device design data, the present 
invention also provides a technology that tenpDrarlly 
determines the above inspection condition settings before 
semiocs^ductor devices requiring inspection reach the 
inspection process. Uns minimises the time taken to set 
inspection conditions. 

By ijsing semiconductor device design data, the presait 
invention further provides a technology that produces 
inspection results, the ntniDer of false alarms caused by the 
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M^y sensitive inspection that ocxwr during defect detecticai 
telng held belcw a certain percentage thereof. 

By ijsing satidxxaiductor device design data, the piresent 
invoiticMi further pirovides a tecimology that jiidges \*ether or 
not detected defects are in areas viiereln false alaons are 
likely to occur, and that, in the setting of inspection 
conditions, gives priority to the review of defects in areas 
In vAilch false alams tend to occur by adding that judgemait 
infonnation to inspection results. 

By using semiconductar device design data, the present 
invention further px(vides a tectaology that oiables 
inspection sensitivity to be set to any level to suit the 
design rules for each area witiiin a seniioonductor device chip 
or to suit the degree of functional oitpoctance. 

By losing semiconductor device design data, the present 
inventioa further piEavides a technology that determines 
v*jether defects are in a transparent film or non- transparent 
f iLn, that adds this information to the detected defect 
results, and that distinguishes betweei defects that can and 
cannot be oonfxnned using a scanning electron microsoppe (SEM) . 

By using seniioonductor device design data, the present 
inventicxi further provides a tecimology that. In the 
dassificatian of detected defects, determines if the defect 
is in a specific pattern or specific material and that obtains 
information that is useful in defect clas s ification. 
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In short, aooocding to tiie poies^t liiventlion, a 
semicxjnductor device inspection device is equipped with, a 
function that, thrai^ the use of seraiconductor (iesvice design 
data, enables a plurality of pacameters to be autanatically 
set. 

The present invention is also equipped vd.th a functim 
that, throu^ the vise of semiconductor device design data, 
increases the nuncber of detection signal parameters from 
specific repetitive patterns used in statistical processing 
during defect detecticMi. 

According to the present invention, a semioandoctor 
device inspection device is further equipped with a functim 
that, thnx#i the use of semioonductar device design data, 
adds, to detecticKi results, information as to viiether or not 
the area in viiicii a defect was detected is caie in vArLch false 
alarms tend to occur. The present invention is also equipped 
with a function that, based on this sii^plemaitary Information, 
can Isolate and review those defects in areas in vAxLcii false 
alarms tend to occur. 

The present invention is further equipped with a function 
that, throu^ use of the semioonductar device design data, 
detennines if the defect is In a transparent f Um or non- 
transparent film and that adds this lufonnation to the defect 
detecti(xi results. 

Also, to achieve the above objects aooording to the 
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present inwMition, the semii3cxiductar devioe Inspection method 
Is cxanfigured to set inspection conditions using semiconductar 
device design data, to inspect semiconductar devices using 
these set conditions, to thai use the results of inspectLcms 
to revise inspection conditicais set using design data, and to 
inspect semiconductar devix»s xjslng these revised inspection 
oonditicxis. 

Also, in the presait invention, the semiconductar device 
inspection method is configured to extract related inf armatim 
from a design data base that specifies the product names of 
sentLconductor devices and the names of processes used to 
process them, that sets inspection conditions using this 
extracted related infarmation, that insfpects semixxaiductac 
devices using these set conditions, that then uses the results 
of inspections to revise set Inspection ccaiditions using 
design data, and that then inspects semiccaiductor devices 
vising these revised inspection conditions. 

Hiese and other objects, features and advantages of the 
invention will be apparent f rem the following more particular 
descrdption of preEerred eiixxliinaits of the inventicxi, as 
illustrated in the aocarpanying drawings. 

BRIEF DESCRIFCICN CF THE DRAWINGS 



Figure 1 is a flowchart showing the sequence involved in 
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setting inspectiion oondltlons aocxscding to cxxiventloiial 
tedhnology; 

Figure 2 Is a f Icwctiart shewing the sequence involved in 
setting Inspectim cxaiditijCMis acxxarding to the poDssait 
invention; 

Figure 3 is a plein view of a wafer and chip lased in the 
es^planation of ciiip matrix and ciiip size settings; 

Figure 4 is a plan view of a wafer used in the 
es^Oanation of a sihot matrix; 

Figure 5(a) is a plan view of a wafer \ased in the 
ejsplanation of inspectLco sequaicse settings; 

Figure 5(b) is a plan view of a chip used in the 
es^xLanation of inspectioi sequence settings; 

Figure 6 is a plan view of a wafer used in the 
e55)lanatiQn of settings for chips that will and that will not 
be inspected; 

Figure 7 is a plan view of a ciiip used in the explanation 
of settings for ciiips that will and that will not be 
inspected; 

Figure 8 is a plan view of an alignment pattern; 

Figure 9(a) is a plan view of a chip; 

Figure 9(b) is a plan view of a ciiip shewing the site of 
signal acquisition; 

Figure 9(c) is a gr^ii shewing signal values befoce 
spacial filter settings; 
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Figure 9(d) Is a gn^ii sbaaang signal values after 
spacial filter settings; 

Figure 10 is a plan view of a ciup; 

Figure 11 is an enlarged plan view oE a ciilp showing a 
defect on the chip; 

Figure 12(a) is a plan view of a chip shewing the 
cxxEcesponding point cxi the chip; 

Figure 12(b) is a histogram of signal values; 

Fi^jre 13(a) is a plan view of a chip ^X)wing the 
oocresponding point on the chip; 

Figure 13(b) is a histogram of signal values; 

Figure 14(a) is a plan view of a chip shewing the site of 
signal aoguisition; 

Figure 14(b) is a graph showing the relationship between 
the amount of ll^t and signal values; and 

Figure 15 is a plan view of a chip shewing an area in 
vshich many false alarms occur. 

raSCRIPTICN OF THE PREFERRED HMBODIMafCS 



F±g. 2 shows an example of a sequence relating to the 
setting of inspection oonditixxis according to the preset 
invention. Firstly, inspection conditions are terrporarily 
determined prior to the wafer actually arriving at the 
inspection process. Ihis enables miiuitrisaticai of wafer 
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aocuiulatixxi time \«hlle cxxidltlxxis are being set. 

FiEstly, the product name of the setniocxiductor device to 
be inspected and the name of the process in viiixih the 
seniixx3nductx3r device is processed irnnedlately prixxr to 
inspection are entered fron a terminal. When the product name 
and process name are entered, the seniioonductar device design 
data base is accessed via a ccnmtinicaticai means and the data 
required fear inspection preliminary preparation collected. 
Hie conditions required for inspectlcn are then autonotically 
f.i set in the stqps shown in Fig. 2. A worker can enter the 

product name and process name settings by any means such as a 
keyboand or a barcode reader. Bitries can be made fron within 
a clean roan, or £ran a personal conputer outside a clean roan 
that can access the device. 

Hiis ends the preliminary preparation for the setting of 
conditions in an inspecticoi device. 

Since there are only two entries to be made, that is, the 
product name and process name, the worker need not be skilled 
in the use of the inspection device. 

Next, the setting of s^isitivity levels after the wafer 
has actually arrived will be esqplained. 

Alignment autonatically starts viien the wafer is loaded 
into the device. After alignment has mded, sensitivity 
ccaiditlon settings (laser pcwer, threshold value) , a trial 
inspection, and a review are repeated. Ihen, after insfpection 
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oonclitions that enable cxily actual reviewed and classified 
defects to be detected and inspecticai COTditions that enable 
false alarms to be held below a certain percentage are 
deterndned, these ocmditions are sawed and the wafer imloaded. 
This ends the extraction of conditicais. These saved 
inspecticxi conditicKis and images of reviesred defects can be 
oonfioned cm the screen. 

After insfpectixxi conditions are thus determined, viafers 
pax)cessed in the previous process are sequen tially inspected 
tjsing these determined Inspection COTditions. Wafers that 
have been inspected are sent to the next process and processed 
in that next process. The results of the inspectixans are 
dlspla;yed on screen and stored in a storage means. 

The tine Involved in work vathln the conditions setting 
sequaice, other than "sensitivity condition settings", "trial 
Inspection" and "review" , will take between several seconds 
and several t&as of seconds. 

The time involved in "sensitivity condition settings", - 
"trial inspection" and "review" can be greatly reduced throu^ 
the use of an autcmatic defect review (ADR) functiai and an 
autonatic defect classification (ADC) function. The time 
required for setting conditions can be greatly reduced to 
between several minutes and several tens of minutes. 

Items that are automatically set after the semiccxiductor 
device design data base is accessed in preparation for 
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inspecrtdion devijoe cxxidltion settings wUl be ejqxLalned below. 

Fig. 3 Eihows settings for a dhip matrix and for dhip size. 
There are places cai a wafer on viiich there is no c±iip pattern 
and during inspecticxi these chips wUl not be insspected. For 
exsnple, toudhing of the wafer periphery by seme parts o£ 
chips very close to the periphery of the wafer and film 
thickness irregularities can cause the seraLoonductor device to 
not work. These chips are ranoved as targets of insspection by 
autaratically deleting them, m a chip size setting, the size 
in the x-direction of the chip and the size in the y-direction 
are set. 

Fig. 4 shodtfs settings for a shot matrix. Whai a 
senniconductar device pattern is es^josed, a plurality of chips 
are sometiines esssposeS. together. In that case, different (sane 
for shot vanlt) patterns are formed for eadh chip on the 
periphery (scribe area) of the chips. Here, vijen ordinary 
chips ixidsrgo a comparison inspection, a false alarm will 
sound for the scribe area and the inspection seguoice in the 
scribe area will therefore have to be changed. 

Fig. 5(a) sihows a shot area on a wafer and Fig. 5(b) 
£ihows a diagram of a chip that will be used to esqplain the 
inspection sequence and shows how a ooroparison method is set 
to suit r^titive units, lhat is, patterns that are repeated 
in Eax>t units, such as in the scribe area, are inspected using 
oonparison inspection in shot units. Patterns that are 
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r^jeated in ciiip units are insfpected lasing oatparlscal 
inspection in ciiip units, and cell patterns sucii as in DRAM, 
SE»M, and FLASH memory are inspected using cell ocnparison. 
Because there are mincar variations in the size and f Um 
thickness of the wafer surface, usually, the smaller the 
Gcmpacison range the lesser the variations, and dxisfpecticxi 
SCTsitivity is aitproved. 

Fig. 6 sihcws an exarrple of settings for chips that will 
and that will not be inspected. Sonetimes a v«afer includes 
test elanmt group (TBG) ciiips for managing processes and 
yield- Hiese TEX3 diips frequ^tly have a citxxiit pattern that 
is completely different to that of oUier cMps and so viien 
such chips are inspected, false alanns of tei occur fca: the TE3G 
chip. Therefore, TBG chips are usually set so that they will 
not be inspected. 

Fig. 7 shows an exanple in vhich areas that will and will 
not be inspected are set for a chip pattern. In this exannple, 
the scribe area is set so that it will not be inspected. Ihis 
area is cut off viien the chip is cut out of the wafer and so 
it has almost no effect on the operation of a semiconductor 
device. Therefore, depending cai the semicanductCHr device 
manufacturer, defects in this area are sometimes excluded from 
management. Some particular areas, for exanple the yield of a 
cache memory area in a CPU product, affect product quality and 
price, and therefore vSiai settings are being made for areas 
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that win or will not be Inspected, It Is possible to set cxily 
those areas for inspection. 

Fig. 8 shews the settings of an alignment pattern. In 
aligranait, pre-registeced patteims and wafer patterns that are 
targeted for Inspection are oonpared beforehand and these 
patterns are matched. Therefore, by obtaining fonn 
information fron design data, the need to capture and save 
images especially using an actual v«af er viien setiring 
ocnditions is eliminated. Also, b/ using pattern material 
infonnatlion, patterns with high contrasts can be set 
automatically. 

Fig. 9(a) shows a chip and an enlarged diagram of a 
repetitive pattern area on the chip. Fig. 9(b) sihows the 
signal aoguisiliLon site on a chip. Fig. 9(c) sihows a detection 
signal acquired fron this signal acquisi1n.on site prior to 
spacial filter settings, and Fig. 9(d) shows an exanple of the 
spacial f il1::er settings made after a detection signal is 
acquired from this signal acquisition site. VJhen li#it shines 
on a repetitive pattern in a semiconductor ptx>duct, 
diffraction of li^t occurs in accordance with the pitch of 
the repetitive pattern and the wavel^gth of the li^t. By 
shielding this diffracted li^t, the spacial filter inproves 
the S/N of the pattern and foreign matter and defects . 

Because the wavelength of the li^1:ing is already known 
in the inspection device, tlie pattern of diffracted light- can 
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be detennlJied by obtaining the repetitive pattern pitch size 
frcm design data. Uiis enables autcmatic setting of the 
spacial filter. The bottcm section of Fig. 9 shews a 
cxxparlscn before and after the spacdal filter settings are 
made, and thus shows an exanple of how the pattern signals are 
lower vtien the spadal filter is set and how defects that were 
previously hiddiai vd.thin the pattern signal can now be 
detected. Stecial filters can also be set for each inspection 
area. In this case, the noise frcm patterns In each area can 
be si^jpressed. to enable highly sensitive detecticMi. 

Fig. 10 shews an exanple in viiicii sensitivity is set for 
each inspection area. For exanple, even if there is a 0.1 nra 
piece of foreign matter In a vnxing poetical of 0.5 ram pitch, 
this foreign matter will have almost no effect on yield. That 
is, too hi^xLy sensitive an inspection of this area will 
result in defects that have no effect en yield, that is 
defects that do not need to be addressed, being detected, 
creating a lot of noise for the person at the wcxdkplace 
managing the process. IherefoiTe, by obtaining wiring rules 
frcm semiconductor device design data for each area, each area 
can be inspected, with the sensitivity required for that area. 
Also, the nunber of the false alarms can be reduced by 
Icwerlng sensitivity in those areas where false alarms c£ten 
occair, for exanple the scribe area. 

Fig. 11 is an exanple that shows the pattern cai vdiich a 
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defect exists by matching the cooaxllnates of the detected 
defect and the design data. For exanple, voids have occurred 
in Cu wiring but there are no voids anyvdiere other than on 
that Cu wiling. HierefaDe, viien automatically classi^ing 
defects, viiether or not a defect exists in a particular amount 
in Cu wiring is useful information. Tliis infonnation can help 
to inpcove the precision of autcmatic defect classificaticxi. 
In a review using SQl, only defects on the surface can be 
reviesifled because of SEM characteristics. By adding 
infonnation OOTcermng viiether the defects are cai the 
transparait film or the non-transparent film to the defect 
detection results, an efficiait selection of defects that can 
be targeted by an Sm review is enabled. 

Figs. 12 and 13 shew exanples in inspection desvic»s that 
perf arm statistical processing in corparative inspection 
algorithms, in vdxLcii stable conditicais with few false alarms 
can be set by increa s ing the number of the statistical 
parameters ijsing design data. 

Statistical processing in oonparative chip inspection 
postulates a signal value and frequaicy distribution using 
either signal from points that carrespcMid to coordinates for 
each chip or signal differential values. A threshold value is 
set for the suggested distrlbutiCTi and anything exoeeding this 
value is deemed to be an error. Here, if there are an 
insufficiKit nuniber of chips on the wafer, there will be an 
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insufficd-ent nuntiDer of parameters v*ien statistics are 
collected and the reliability of the signal value frequency 
distrxbution will decrease, nils will mean tiiat false alarms 
will occur freguaitly. In this case, a higher threshold value 
is set and inspection ccxiditicns are set such that false 
alarms will not occur. Hiis will mean that the overall 
sensitivity drops. 

If design data is used, ix3entical signals are obtained 
for identical patterns even for points other than those that 
correspond to coordinates for eacii diip and therefore, the 
niitajer of paranieters can be increased- The reliability of the 
suggested distribution increases with the increase in the 
nuiber of parameters and the threshold value can be lowered. 
As a result, highly sensitive inspection with few false alarms 
is enabled. 

Fig. 14 shews an example of a method in which the amount 
of licjit is controlled lasing the pattern daisity. The 
strength of lic^t detected on entry into a sensor varies 
according to the pattern density and form. There is a dynamic 
range within the sensor and, for exanple, if a pattern does 
not shine very bristly the area cannot be inspected. Desi^ 
data can be used to estimate, in advance, the amount of light 
that will be detected in each area. Ccmtrol of the amcxjnt of 
li^t during inspection enables inspection of a broad area 
vhile maintaining sensitivity. The li^t coatrol for each 
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area can be autcmatically set based cn the amount of licfit 
detected dLiring the trial inspection- 
Fig. 15 shews an area on a chip ia vtiich many false 
alarms occur. During tiie reviemr that occurs after the trial 
Inspectlxxi, areas in vMcii many false alarms occur are 
isolated and reviesred. Hiis enables the degree to v*iich false 
alarms are occurring for tenporary ccxiditions to be judged in 
just a ^xxrt tine. Ihis means that the tome taki^ to extract 
oonditicais can be reduced. 

As e}5)lained above, by using semiconductor device design 
data in the present invention: (1) the nun±)er of items that 
must be entered v4ien setting conditions decreases and thus the 
tiine involved in setting conditiCHis can be shortaied; (2) the 
resultant reduction in the rairber of entry items means that 
the \«adQer's load is decreased and the amount of training 
required for use of the inspection device is reduced; and (3) 
because inspection conditions can be temporarily set without 
lasing an actual wafer, the time during \4iicii vjafers aocmulate 
can be reduced. 

The inventicai may be enSxxlLed in other specific f onns 
without d^arting from the Sfpicit of essoitial characteristics 
thereof. Tlie present embodiment is thearefare to be ocxisidared 
in all i^espects as illustrative and not restrictive, the scope 
of the inventlxxi being indicated ty the appaided claims rather 
than by the f aregoing description and all changes vdiich cane 
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within the meaning and range of equivaleiCY oE the cQaims are 
therefore dntended to te enftxcaoed therein. 
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